Abstract. We present a way to use a Research Laboratory for training students to learn about simple measurements. In most cases, doing research and training students imply conflicting requirements, for instance in a Research Laboratory everything is aligned, some equipment cannot be moved and so on; therefore research and training laboratories are separated. Sometimes however, there is the possibility of using a part or the complete research equipment by the students, without "consequences". As an example, here we describe the way we used a research set up of wave propagation through atmospheric turbulence, devoted to long lasting statistical measurements, to train students in making position measurements and experiments at different levels, starting from beginners up to advanced and PhD students.
the laboratory to learn how to make "static measurements" and also measurements of fluctuating quantities. One of the advantages for the students is also due to the fact that there are some periods along the year that generally coincide with the students training time, when outside measurements are not made. Training in this laboratory can be at different levels, starting from beginners, which can make simple laboratory experiments, up to PhD students, which learn how to make sophisticated experiments.
-Experimental set up
The basis of the experimental research is to send a number of parallel laser beams (up to four) through a region of natural, or heater produced, turbulence, to let each beam impinge on a position sensor and to measure a large number of subsequent "instantaneous" positions of each beam on its sensor surface. The data are subsequently elaborated by using statistical programs; the correlations between the fluctuations of the different beams are obtained, which are of interest for the research on turbulence.
The scheme for the horizontal measurements in the laboratory is sketched in Fig 1, where also the menu of different required operations appears.
Fig 1 Scheme of the apparatus
The HeNe lasers are located on a movable support, tripod, heavy enough, but easy to carry. The lasers are fixed on a platform, which can be moved up and down and tilted (in the case of slant path) or adjusted to get a horizontal position.
The length of the path depends on the purposes, and in the Laboratory it can reach about 10 m, typical values are around few meters.
At the end of the path, a system of four sensors and amplifier (UDT OpEye) is located on a wood table which is heavy enough to prevent from vibrations. Each eye is located on a three axis micrometric table to allow centering of the beam. On its turn, the amplifier is connected to the acquisition system, which is located on a wheel table, easy to move. The possibility of easily moving the different parts of the apparatus is an important feature for the research activity in the laboratory and, mostly, in the open air, to allow different path lengths.
All the system is equipped to work with a maximum of four lasers and four receivers, while for training the students, and sometimes also for research, two lasers and the two corresponding sensors are only used. This is possible thanks to the flexibility of the apparatus and the corresponding acquisition and elaboration software.
From now on, I will mostly refer to the two-beam version, in the case of horizontal propagation, which is the simplest configuration and is suitable for the students to make a number of training experiments.
The buttons in Fig 1 indicate the menu of the software and the different operations that can be performed with the apparatus: for the organization of the measurements, for the data acquisition, and to elaborate the data and present the results. The rate of data acquisition can be decided by the user. Here it is kept to a typical value, of 300 data/s, often used for turbulence measurements
-Calibration facility
The most useful procedure for training students is the first operation: Calibration. Calibration a is software that allows one to align each laser beam and to center it on the corresponding sensor surface.
With reference to Fig 2 t ,he main features of this procedure are here described, with some detail, by also pointing out how they are used for the students. Each sensor, a so-called lateral effect sensor, has a surface of a square with 1 cm side. From each side a current is collected whose value depends on the distance of the "intensity baricenter" of the impinging beam from the side. The difference between the currents of the vertical sides, normalized to their sum, gives a quantity proportional to the horizontal coordinate which, in turn, after suitable normalization, gives the horizontal position, x, in mm, with respect to the center of the sensor which is taken as origin of the x and y axes.
Analogously the difference between the currents from the horizontal sides gives the vertical position, y, while the sum of all the currents allows one to obtain the intensity (more precisely the power density in µW/cm 2 ). Fig. 2 is a representation of the main screen of the Calibration, where the 1 cm 2 surfaces of the four basic sensors appear. In this figure, one (low energy) laser is used and therefore one sensor only (OP-EYE A) is active. Here, for each sensor, the range of x and y is from -5 mm to 5 mm, corresponding to the entire sensor surface. The program also allows one to "zoom" the central mm 2 , by using the lever at the left top of the screen, as will be seen in the next figure, where the scales will also be displayed on the axes.
The fact that all four sensors appear on the screen is the only not-flexible point of the software. However it is not a problem and is useful to show simultaneously the students the effect of the dark currents from the unused sensors. The numbers appearing near each EYE are values of positions and intensity "averaged" over a number of data, acquired at the decided rate, as will be seen in the next step. Entering in one active OP-EYE, e.g. A, the program gives information on all the details of the measurement.
In Figure 3 , where the surface of the sensor appears, only the central part (1 mm   2 ) is selected, as can be seen from the scales of the axes, from -0.5 mm to 0.5 mm. In addition to the averages, the corresponding variances are presented. From the intensity one can see that the power of the laser used here is about ten times higher than that of the previous figure. Final Time View in s 460C:1000
Main Menu
As appears from the small box on the left of the figure, the number of data, used here for the averages, is 300 (it corresponds to one second duration of the measurement according to the decided rate). This number can be chosen starting from a minimum of 10. When calibrating the apparatus for research measurements, typical values are of some hundreds, while for the students, when they prepare "static" position measurements, 10 data or few tens are sufficient.
The details of the measurement can also be seen on the four bottom columns, each one giving eight subsequent values of the instantaneous currents from the four sides of the sensor surface. They are very useful to show the students how they vary when the laser spot moves on the sensor, for instance when moving the sensor for centering it, and how their difference vanishes when approaching the center. It is interesting to note that, in the case of static position measurements made by the students, the variances give immediately the "errors" of the measurements to the students. In the research on turbulence, variances of fluctuations and correlation of fluctuations are of different interest and have different meaning because they are fluctuations produced by the turbulence and carry information on turbulence.
-Data Acquisition facility
When the procedure of alignment is completed, one can start the real measurement by using the Acquisition There is some other information required by the program, including comments.
The measurement starts by the button Acquire Data. At the beginning of the measurement, an initially green spot, near the button on the screen, becomes red and returns to green at the end. Waiting immobile and silent during one, two or even five minutes is an interesting experience for the students because they fill directly the time passing. At the end of each measurement, the system produces a file "dat", labeled with eight numbers corresponding to month, day, hour and minute of the beginning of the measurement. For instance 11171708.dat is a file made on 11 November at 5:08 pm (17:08 in 24 Hours). No information is directly given about the year, which generally labels an external envelope. With the data file, another initial (.ini) file is produced with the same name containing all the information of the acquisition.
-Elaboration programs
There are several elaboration programs, which were developed along the years. The last and more complete one includes correction for the non-linearity of the sensors and allows one to split the entire duration in evaluation subintervals. For the students we generally use a good previous program, where the evaluation includes the entire measurement duration and the non-linearity is corrected. On the right side of the figure, in addition to the name of the data file, the information from the initial file is represented. Here we know that the data were obtained with two laser beams, impinging on OP-EYE A and C respectively, on November 24 at a rate of 300 data/s at h 18:44 (h 6:44 pm). As in the data files the original four currents of each sensor are recorded, the number of data here (720 000) represent the total number of currents recorded from the sensors. The duration of the measurement was 300 s =720000:(300x4x2).
Thinking about how to obtain this time is a very useful exercise for the students.
The Options button allows one to activate also the optional program of the correlations while the Statistics button starts the complete evaluation.
An example of elaboration results is given in Fig 6, First, information on the date of measurement, number of data and rate of sampling is given. Then a column for each sensor shows averages and variances. All coordinates are in mm, their variances in mm 2 , the intensity is in µW/cm 2 and the intensity variances in (µW/cm 2 ). Although the order of the beams is not of concern here, it can be interesting to know that the beam impinging on OPEYE-C was the nearest to the heaters and fans, and then beams D, A and B followed at different spacing.
Another useful program, developed for our research, allows one to plot versus time the instantaneous values of the positions and intensity of the four OPEYEs, by choosing the percentage of data to use, typically 10%. This program is very useful for checking the quality of the measurement. For instance, once, in outside measurements, a fly crossed one of the beams and this was clearly seen on the plot.
-Experiments made in training students
Due to the flexibility of the apparatus, many different training experiments were made and many others are feasible, for students at the different levels. Here there is a list of some experiments already done several times, by using the apparatus:
-Simple position measurements of a "static" source at different source positions. For beginners.
-Measuring the pointing and intensity stability of a HeNe laser, in time, during several hours, typically 8 hours,
by making samples at established intervals. For beginners.
-Profiling the Gaussian shape of a laser beam (this requires a pin hole in front of the sensor and, if the beam is not large enough, enlargement by a few meter propagation). Intermediate level.
-Measuring the "apparatus and room noise" on the position of a laser beam after one or two meters path.
Intermediate level -Verification of the effect of intensity instability on position measurements. Advanced level.
-Measuring the non linearity of the sensors outside the inner part, in the horizontal and vertical direction.
Intermediate level. An improvement of this experiment, for higher level students, consisted in mapping the non linearity through the entire surface and comparing it with theoretical expectations.
-Measuring the M2 factor of a laser. Advanced level.
-Effect of the "room turbulence" on beam wandering of two parallel beams, when the path is relatively long, and correlation between the wandering of the beams as a function of their separation, to the purpose of deriving information on the dimensions of the turbulent eddies in the room. Very advanced level, PhD. At the end, I would like to mention here that, in our research laboratory, students can also make a number of experiments and see a numer of demonstrations, for instance on diffraction and interference, without using the research apparatus. They were not described here.
For the sake of completeness some references on this research are listed here below.
